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Effect of High-Carbohydrate-Low-Fat Diets on Plasma Glucose, 
Insulin and Lipid Responses in Hypertriglyceridemic Humans 

George C. Liu. Ann M. Coulston. and Gerald M. Reaven 

Two levels of dietary carbohydrate (40% and 60% of calories) were incorporated into typical US diets and fed for 15 days 
each to eight patients with endogenous hypertriglyceridemia. Fasting blood samples were drawn on days 13, 14, and 15 of 
each dietary period, and analyzed for glucose, insulin, cholesterol, and triglyceride concentrations, as well as for 
triglyceride and cholesterol content of the various lipoprotein classes. In addition, these same measurements were made 
before and for three hours after the noon meal on days 14 and 15. Fasting plasma triglyceride (TG) and very-low-density 
lipoprotein (VLDU-TG concentrations were significantly increased (P < O.005) on the low-fat-high-carbohydrate diet. In 
addition, integrated postprandial insulin, TG. and VLDL-TG responses to the noon meal were significantly [P < 0.01 -0.001 ) 
elevated on the low-fat-high-carbohydrate diet. No dietary-induced changes were noted in either the fasting or 
postprandial values of glucose cholesterol. chylomicron-TG. low-density lipoprotein-cholesterol. high-density lipoprotein 
(HDD-cholesterol. HDL 2 -cholesterol, or HDL 3 -cholesterol. These results indicate that low-fat-high-carbohydrate diets 
accentuate the metabolic risk factors for coronary artery disease that are already present in patients with endogenous 
hypertriglyceridemia. 



PREVIOUS RESULTS have indicated that iow- 
fat-high-carbohydrate liquid formula diets can 
lead to postprandial hyperglycemia, hyperinsulinemia, 
elevated fasting plasma triglyceride (TG) levels, and 
reduced high-density lipoprotein (HDL)-choleslerol 
concentrations. 1 3 Since all of these changes have been 
shown to increase the risk of developing atherosclerotic 
heart disease (ASHD) in prospective studies/"* these 
results arc of obvious interest in light of dietary advice 
advocating the use of low-fat-high-carbohydrale diets 
in order to reduce the risk of ASHD. 10 " 12 More recent- 
ly, it has been demonstrated that normal volunteers fed 
low-fat-high-carbohydrate solid food diets had signifi- 
cant increases in both postprandial insulin and fasting 
TG concentrations, associated with a decreased 
plasma HDL-cholesterol level. 13 These new observa- 
tions reinforced concern that ingestion of low-fat- 
high-carbohydrate diets might have potentially harm- 
ful metabolic elTects, and indicate that these changes 
can occur in response to ingestion of conventional, solid 
food diets. Given these findings, it was thought impor- 
tant to extend these observations to individuals who 
already are at an increased risk of developing ASHD. 
For this purpose, individuals with endogenous hyper- 
triglyceridemia, without other known diseases were 
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selected. In addition to increased plasma TG concen- 
trations, such individuals have postprandial hypergly- 
cemia, " hyperinsulinemia, ,4J5 and low HDL-choles- 
terol levels. 16 Thus, they might be uniquely susceptible 
to the untoward effects of low-fat-high-carbohydrate 
diets. The results presented here confirm this suspi- 



cion. 



MATERIALS AND METHODS 



Eight volunteers (four men and four women) were selected based 
upon the presence of a plasma TG concentration between 200 to 400 
mg/dL and a plasma cholesterol concentration less than 300 mg/dL. 
The mean (±SEM) plasma TO concentration on ad libitum diets in 
these subjects was 286 ± 16 mg/dL (range 239-353 mg/dL). 
Patients with diabetes mcllitus were excluded on the basis of an oral 
glucose tolerance lest." Subjects with other diseases or those taking 
medications known to affect carbohydrate or lipid metabolism were 
also excluded. The mean (±SEM) age was 54 ± 2 years, and body 
mass index (body weight in kg/height in m 2 ) was 28.3 ± 2.5 kg/in 2 . 

Each subject was studied on two isocaloric diets (approximately 
35 calorics/ kg): one coniained 40% carbohydrate, 41% fa i, and 19% 
protein and the other contained 60% carbohydrate, 21% fat, and 19% 
protein as percent of total calories. The P/S ratio on both diets was 
kept at 0.4. Diets were administered in a random fashion, each one 
was consumed for 15 days, and there was no break between dietary 
periods. Five patients began the study with the 60% carbohydrate 
diet, while three began with the 40% carbohydrate diet. Thus, each 
patient served as his or her own control. Composition of the diets and 
sample menus were described in detail previously. 1 * Body weights 
were maintained within 1.0 kg of the baseline value throughout the 
study. 

Blood was obtained after an overnight fast on days 13, 14, and 15 
of each dietary period. In addition, blood was drawn on days 14 and 
15 just before the noon meal. The meal was consumed over a 
20-minute period, and blood samples were then taken hourly for the 
next six hours on days 14 and 15. Measurements were made of 
glucose, insulin, total TG, and cholesterol concentrations in plasma, 
and TG and cholesterol concentrations of lipoprotein fractions. The 
data reported here represent the means of these measurements. 

Lipoproteins were separated by ultracentrifugation 18 into chylo- 
microns (chylo), very-low-density lipoproteins (VLDL, d < 1.006), 
low-density lipoproteins (LDL. d - 1.006-1.063), which may con- 
tain IDL in postprandial specimens, and high-density lipoproteins 
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(HDL d > 1.063). The HDL was spun ai d - 1.125 (40.000 rpm x 
24-30 h with a Spinco 40.3 Rotor at 14-21 °C to separate HDL 2 and 
HDL j. Glucose, insulin, triglyceride and cholesterol concentrations 
were determined as described p^eviously. ,, The Wilcoxon matched- 
pair signed rank lest was used for statistical analysis." 



RESULTS 

The effects of the two diets on fasting glucose, 
insulin, total TG, total cholesterol, and lipoprotein TG 
and cholesterol are seen in Table I . These data indicate 
that the fasting plasma total TG concentration was 
increased when subjects consumed the 60% carbohy- 
drate diet, and that this was secondary to an increase in 
VLDL-TG concentration. No other significant 
changes were noted. 

Postprandial glucose and insulin concentrations are 
given in the top and middle panels of Figure 1. These 
data indicate that the postprandial glucose concentra- 
tion was not significantly increased on the 60% carbo- 
hydrate diet. On the other hand, mean plasma insulin 
levels were significantly higher at noon (P < 0.02), 
before eating lunch, and one (P < 0.005), five 
(P < 0.005), and six hours (P < 0.02) after eating the 
test meal containing 60% carbohydrate. In addition, 
the total integrated insulin response area during the 
six-hour postprandial period was significantly greater 
(P < 0.01 ) when subjects consumed the 60% carbohy- 
drate diet. 

Mean postprandial plasma TG concentrations arc 
illustrated in the bottom panel of Figure 1 and indicate 
that ingestion of the 60% carbohydrate diet led to an 
elevation of mean plasma TG concentrations at 1 2 PM, 
before starting the noon meal, as well as one and six 
hours later. These differences were due to an increase 
in VLDL-TG concentration, since chylo-TG levels 
were the same on both diets. The mean total integrated 
TG response to the noon meal was also significantly 
increased (P < 0.005) on the 60% carbohydrate diet 
(3230 mg/dL • h) compared with the 40% (2462 
mg/dL • h) carbohydrate diet. Again, this difference 

Table 1 . Fasting Plasma Concentration 





40% 


60% 






Carbohydrate 


Carbohydrate 




Plasma Variable . 


Diet 




Diet 


P 


Glucose (mg/dL) 


95 ± 


3 


92 * 2 


NS 


Insulin (/iU/mU 


8 1 


1 


9 ± 1 


NS 


Total TG (mQ/dL) 


238 x 


20 


348 t 36 


<0.005 


Chylo-TG (mg/dL) 


34 ± 


6 


44 ± 13 


NS 


VLDL-TG (mg/dL) 


147 ± 


15 


241 * 26 


<0.005 


Total Cholesterol (mg/dL) 


224 ± 


12 


223 ± 14 


NS 


LDL -Cholesterol (mg/dL) 


144 ± 


7 


127 ± 17 


NS 


HDL-Cholesterol (mg/dL) 


31 ± 


2 


32 ± 3 


NS 


HDLj-Cholesterol (mg/dL) 


14 ± 


2 


15 ± 2 


NS 


HDLj-Cholesierol (mg/dL) 


17 ± 


2 


17 * 1 


NS 
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Fig. 1. Mean (±SEM) fasting and postprandial responses of 
glucose (top panel), insulin (middle panel), and triglyceride (lower 
panel) to isocaloric diets containing either 40% or 60% of total 
calories as carbohydrate. (• - P < 0.05; ••-/>< O.OI) 

was entirely related to higher VLDL-TG levels in the 
60% carbohydrate diet. 

Finally, there were no differences in postprandial 
responses of total cholesterol, LDL-cholesteroI, HDL- 
cholesterol, HDL 2 -cholesterol, or HDL 3 -cholesterol to 
the two diets. 

DISCUSSION 

Changes in the relative proportion of dietary fat and 
carbohydrate can have profound effects on various 
aspects of carbohydrate and lipid metabolism. This 
ability to modulate plasma levels of hormones and . 
substrates has obvious health-related implications. For 
example, there is evidence from prospective studies 
that fasting hypercholesterolemia 9 and hypertriglycer- 
idemia, 6 postprandial hyperglycemia 7 and hyperinsu- 
linemia, 4,5 and reduced fasting levels of HDL-choles- 
terol 8 y are risk factors for the development of ASHD. 
Given these data, it seems reasonable to suggest that 
proposed manipulations of dietary fat and carbohy- 
drate intake, aimed at reducing ASHD, be judged on 
the basis of their ability to improve these risk factors. If 
this criterion seems reasonable, it is difficult to under- 
stand current enthusiasm for isocaloric diets low in fat 
and high in carbohydrate. For example, there is evi- 
dence that such diets tend to produce both postprandial 
hyperglycemia and hyperinsulinemia, 1 * 2 and the cur- 
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rent study corroborates the deleterious effect of low- 
fa t-high-carbohyd rate diets on postprandial insulin 
responses. Thus, the institution of low-fat-high-carbo- 
hydrate diets can be expected to aggravate at least two 
risk factors involving carbohydrate metabolism that 
are thought to predispose an individual to the develop- 
ment of ASH D. 

The effect of low-fat-high-carbohydrate diets on 
risk factors for ASHD related to lipid metabolism is 
more complicated. For example, although it has been 
apparent for some time that high-carbohydrate diets 
can lead to fasting hypertriglyceridemia, 114 it has been 
argued that postprandial hypertriglyceridemia is lower 
on such diets. 20 This was not true in our previous study 
of normal individuals, 13 and it is apparent from the 
data in Figure I that it also was not the case in the 
present study. Plasma TG concentrations were signifi- 
cantly higher at 8 am, before breakfast, at 12 PM, 
before lunch, at 1 pm, one hour after lunch, and at 6 
pm, just before dinner. Indeed, TG levels were never 
lower on the 60% carbohydrate diet. Fractionation of 
plasma lipoproteins indicated that the increase in both 
fasting and postprandial TG levels was due to an 
increase in VLDL-TG. In addition, postprandial chy- 
lo-TG concentrations were noted to be similar on the 
two diets. This seemed somewhat surprising in light of 
the reduced fat content of the 60% carbohydrate diet. 
However, the data in Table 1 indicate that fasting 
chylo-TG levels were somewhat higher on the 60% 
carbohydrate diet, thereby providing a plausible expla- 
nation for why an increase in dietery fat content did 



not lead to an increase in postprandial exogenous fat 
concentration. Finally, total plasma cholesterol, LDL- 
cholesterol, HDL-cholcsterol, HDL 2 -cholesterol, and 
HDL 3 -cholestcrol concentrations, both fasting and 
postprandial, were similar in both diets. Thus, it is 
apparent that there was some disadvantage, and no 
advantage, in terms of lipoprotein metabolism, to 
ingestion of a diet restricted in fat content (40% 
carbohydrate) but high in carbohydrate. 

In conclusion, the evidence presented indicates that 
low-fat-high-carbohydrate diets accentuate known 
risk factors for ASHD in subjects who are already at 
risk. Indeed, the magnitude of the effect was greater in 
those patients with endogenous hypertriglyceridemia 
than in normal subjects. It is important to note, 
however, that the impact of variations in dietary 
carbohydrate may vary as a function of the kind of 
carbohydrate ingested. Thus, Lewis and associates 21 
have indicated that tripling the amount of dietary fiber 
reversed the increase in VLDL-TG and decrease in 
HDL 2 -cholesteroI produced when an equally high car- 
bohydrate diet (59% of total calories) containing more 
conventional foods was used. Additional support for 
the importance of the form of dietary carbohydrate in 
the regulation of lipid metabolism is the recent report 
by Reiser et al, 22 which emphasized the importance of 
dietary sucrose content in control of plasma lipid 
levels. It seems obvious that these issues should be 
clarified before advocating the general use of low- 
fat-high-carbohydrate diets in an effort to retard 
development of ASHD. 
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